Introduction {#S0001}
============

Post-stroke depression (PSD) is one of the most common psychiatric diseases afflicting stroke survivors.[@CIT0001] It is estimated that about 30% of the stroke survivors will experience an early or later onset of depression.[@CIT0002],[@CIT0003] In 2013, researchers from China reported that the number of stroke survivors was 7.5 million, and there were 2.5 million new stroke cases each year; it indicated that there were approximately three million PSD patients.[@CIT0004] PSD has deleterious effects on the rehabilitation and recovery process, and could increase disability and mortality.[@CIT0005] Moreover, PSD might affect the patients' acceptability and the effectiveness of therapy.[@CIT0006] However, a large number of PSD patients are still unrecognized and/or undertreated.

One important reason is that there are no objective methods to diagnose PSD or depression is viewed as a normal emotional reaction to stroke.[@CIT0007],[@CIT0008] Another important reason is that the clinicians concern about the safety of multi-pharmacological interventions in elderly stroke patients. Nowadays, there is a consensus that stroke patients with depression should be treated immediately once identified. But, the most appropriate management strategy for treating PSD is still not identified. Hackett and Anderson used cognitive-behavioral therapy to treat elderly PSD patients and observed some improvement.[@CIT0009] A systematic review reported that pharmacotherapy could improve the depressive symptoms of PSD patients.[@CIT0010]

Many Chinese medicines are often used as augmentations of antidepressants in treating PSD patients.[@CIT0011],[@CIT0012] Wang reported that Wuling capsule could increase the peripheral levels of BDNF in PSD patients.[@CIT0011] Another study found that the combined application of Xiaoyao pill and fluoxetine could improve the depressive symptoms of PSD patients.[@CIT0012] Recently, some studies suggested that ginkgo biloba extract could improve the efficacy of antidepressants in treating depression.[@CIT0013],[@CIT0014] However, the action mechanism of ginkgo biloba extract in depression is still unclear, which might be closely related to its neuroprotective actions.[@CIT0015],[@CIT0016] In our previous studies, we found that ginkgo biloba extract could affect nucleotide metabolism and protein biosynthesis to enhance cell proliferation, and glutamate and aspartate metabolism played important roles in the antidepressant effects of ginkgo biloba extract.[@CIT0017]--[@CIT0019] These two pathways were associated with neurotransmitter metabolism. Previous study reported that the plasma levels of glutamate after stroke were associated with the development of PSD.[@CIT0020] Therefore, we conducted this randomized clinical trial to further study the efficacy of ginkgo biloba extract as augmentation of venlafaxine in treating post-stroke depression.

Methods {#S0002}
=======

Patients' recruitment {#S0002-S2001}
---------------------

The protocol of our study was approved by the Ethical Committee of Inner Mongolia People's Hospital (Huhhot, Inner Mongolia, China). This study was conducted in accordance with the Declaration of Helsinki. The candidates were informed the purpose of our study, and the included patients provided the written informed consents before randomization. The patients were recruited from the Department of Neurology, Inner Mongolia Autonomous Region People's Hospital (Huhhot, Inner Mongolia, China). The diagnostic criteria for ischemic stroke that was revised by the fourth National Conference on Cerebrovascular Diseases were used to diagnose stroke, and the stroke was also confirmed by magnetic resonance imaging or computed tomography. Meanwhile, the Hamilton Depression Rating Scale (HDRS) was used to diagnose depression in stroke patients.[@CIT0021] The stroke patients with HDRS scores of greater than 17 were diagnosed with depression and included.[@CIT0022] Patients were excluded if they were aged 80 years and older, had active suicidal ideation, acute illness, any other neuropsychiatric disorders, any anti-depressive therapy or illicit drug use. All PSD patients were from the same place and of the same ethnicity.

Treatment methods {#S0002-S2002}
-----------------

The included PSD patients were randomly assigned to the control group and experiment group at a ratio of 1:1. Patients in both groups were received venlafaxine 75 mg/day; if needed, the dose could increase to a maximum of 225 mg/day within 4 days. At the end of the trial, the dose was gradually reduced. The ginkgo biloba extract (40 mg/time, 3 times a day) was only given to the patients in the experiment group. The treatment was continued for 8 weeks. Patients were blinded to the treatment methods. The interviewer who was blinded to the treatment methods measured the HDRS score, National Institutes of Health Stroke Scale (NIHSS) score, and Activities of Daily Living (ADL) score at baseline, week 4, and week 8. Patients also should provide the Self-rating Depression Scale (SDS) scores at baseline, week 4, and week 8. Meanwhile, the levels of serum 5-hydroxytryptamine (5-HT) and brain-derived neurotrophic factor (BDNF) were measured before and after treatment.

Efficacy assessment {#S0002-S2003}
-------------------

The HDRS and SDS scores were used to assess the depressive symptoms. The higher scores suggested the more severe depressive symptoms. The NIHSS score was used to assess the neurological defect, and the ADL score was used to assess the recovery of abilities of patients following strokes. The higher NIHSS score indicated the more severe neurological defect, and the lower ADL score indicated the worse living function. Meanwhile, to assess whether the ginkgo biloba extract could reduce the dose of venlafaxine, the dose of venlafaxine used in both groups was collected. To assess the acceptability of these two treatment methods, the adverse events were also recorded.

Statistical analysis {#S0002-S2004}
--------------------

Data were displayed as mean±standard deviation, and all data were tested for normal distribution before conducting analysis. The Student\'s *t*-test, Chi-square test, and non-parametric Mann--Whitney U test were used when appropriate. Analyses for HDRS score, SDS score, NIHSS score, and ADL score were conducted using the repeated measures analysis of variance (ANOVA). Analyses for 5-HT and BDNF were conducted using Student\'s *t*-test. The SPSS19.0 was used for statistical analysis, and the statistical significance was set to *p*\<0.05.

Results {#S0003}
=======

Included patients {#S0003-S2001}
-----------------

At first, there were 93 PSD patients met the inclusion/exclusion criteria. But, there were six patients refusing to receive ginkgo biloba extract, four patients refusing the randomization, and three patients refusing to participate. Thus, these patients were excluded, and only 80 PSD patients were included. According to the observed post-treatment improvement from the pilot study, 74 patients were needed to achieve an 80% power at a given level of significance (*p*\<0.05). Thus, a total of 80 patients here could achieve an 85% power for detection of a clinically meaningful difference between the two different groups. The detailed information of these patients is described in [Table 1](#T0001){ref-type="table"}.Table 1Clinical detail of patients in the experiment and control groupVariablesExperiment groupControl group*p*-valuen4040--Female/male18/2221/190.51^b^Age (years)60.86(8.63)60.52(8.68)0.86^a^Education (years)6.92(3.05)7.20(2.96)0.68^a^Body mass index (kg/m^2^)23.02(3.57)23.16(3.27)0.86^a^Smoking (yes/no)15/2511/290.35^b^Duration of stroke (months)22.59(7.3)21.98(7.94)0.72^a^Duration of depression (months)11.31(4.24)11.03(4.77)0.78^a^[^1]

Adverse events {#S0003-S2002}
--------------

During the whole treatment period, the following adverse events appeared in the control group: abdominal distension (n=3), dizziness (n=4), nausea (n=2), headache (n=5), drowsiness (n=6), insomnia (n=4), and fatigue (n=3); the following adverse events appeared in the experiment group: constipation (n=3), dizziness (n=2), nausea (n=1), headache (n=2), drowsiness (n=3), and insomnia (n=1). Compared to the control group, the experiment group had less adverse events. These adverse events were mild and disappear soon, and no serious adverse events appeared in both groups. Meanwhile, compared to PSD patients in the control group, PSD patients in the experiment group needed significantly lower average dose of venlafaxine (6930 mg vs 6037 mg for each patient, *p*=0.007).

Depressive symptoms {#S0003-S2003}
-------------------

As shown in [Figure 1](#F0001){ref-type="fig"}, the average HDRS scores decreased over time in both groups. The significant effect of time (*p*\<0.00001) was identified by the results of repeated measures ANOVA, indicating that both treatment methods could significantly improve the depressive symptoms of PSD patients. Meanwhile, there was also a significant effect of group × time interaction (*p*=0.01), which indicated that the efficacy of these two treatment methods in improving the depressive symptoms was significantly different. At week 4 and week 8, the average HDRS score was significantly lower in the experiment group than in the control group (*p*=0.001, *p*=0.0008). The repeated measures ANOVA of SDS scores also showed similar results.Figure 1The Hamilton Depression Rating Scale (HDRS) and the Self-rating Depression Scale (SDS) scores in both groups before and after treatment.

Neurological and living function {#S0003-S2004}
--------------------------------

As shown in [Figure 2](#F0002){ref-type="fig"}, the average NIHSS scores decreased over time in both groups. The significant effect of time (*p*=0.003) was identified by the results of repeated measures ANOVA, indicating that both treatment methods could significantly improve the neurological defect of PSD patients. Meanwhile, there was also a significant effect of group × time interaction (*p*=0.01), which indicated that the efficacy of these two treatment methods in improving the neurological defect was significantly different. At week 4 and week 8, the average NIHSS score was significantly lower in the experiment group than in the control group (*p*=0.00006, *p*=0.00001). The repeated measures ANOVA of ADL scores also showed similar results, indicating the significantly different efficacy of these two treatment methods in improving the living function.Figure 2The National Institutes of Health Stroke Scale (NIHSS) and the Activities of Daily Living (ADL) scores in both groups before and after treatment.

5-HT and BDNF {#S0003-S2005}
-------------

As shown in [Figure 3](#F0003){ref-type="fig"}, both the 5-HT levels and BDNF levels were similar between the two groups. After treatment, the average 5-HT level was significantly increased from 26.57 (2.57) mg/mL to 45.98 (5.51) mg/mL in the control group (*p*\<0.00001), and from 26.24 (2.56) mg/mL to 58.34 (6.28) mg/ml in the experiment group (*p*\<0.00001). But, the average 5-HT level after treatment was significantly higher in the experiment group than in the control group (*p*\<0.00001). Meanwhile, after treatment, the average BDNF level was significantly increased from 22.87 (2.64) mg/mL to 35.26 (3.45) mg/mL in the control group (*p*\<0.00001), and from 22.25 (2.55) mg/mL to 39.87 (3.68) mg/ml in the experiment group (*p*\<0.00001). But, the average BDNF level after treatment was significantly higher in the experiment group than in the control group (*p*\<0.00001).Figure 3Serum 5-hydroxytryptamine (5-HT) and brain-derived neurotrophic factor (BDNF) levels in both groups before and after treatment.

Discussion {#S0004}
==========

Depression is a debilitating mental disorder with unclear pathogenesis and could cause a substantial impact on individuals and society.[@CIT0023],[@CIT0024] Saxena et al reported that the improvement in depressive symptoms in PSD patients might be helpful for their recovery in activities of daily living.[@CIT0025] In this study, we found that the two treatment methods could be effective in treating PSD. But the combined application of ginkgo biloba extract and venlafaxine yielded the significantly lower average HDRS score, SDS score, NIHSS score, and higher average ADL score. Furthermore, the consumed dose of venlafaxine and the incidence of adverse events were lower in the experiment group compared to the control group. These results suggested that it might be a good choice to use ginkgo biloba extract as augmentation of venlafaxine in treating PSD.

BDNF is widely found in many brain regions, such as hippocampus and cerebral cortex. It could promote the differentiation and regeneration of damaged neurons and affect the release of neurotransmitters and trophic factors.[@CIT0026] Sato et al reported that BNDF played a critical role in protecting and promoting the regeneration of nerve fibers in a stroke model of monkeys.[@CIT0027] Previous studies have found lower serum BDNF levels in patients with depression.[@CIT0028],[@CIT0029] A systematic review reported that the antidepressant treatment might be effective in increasing the serum BDNF levels of depressed patients.[@CIT0030] Our previous study also found that BDNF was a key molecule in the process of venlafaxine exerting antidepressant effects.[@CIT0031] Here, we found that compared to venlafaxine alone, the combined application of ginkgo biloba extract and venlafaxine could yield the significantly higher BDNF levels in PSD patients. Therefore, the ginkgo biloba extract and venlafaxine might have a synergistic effect in increasing the BDNF levels in PSD patients.

5-HT is one of the important excitatory neurotransmitters in the central nervous system and distributes in various brain regions. Previous studies have confirmed that the pathogenesis of depression was associated with 5-HT disturbance.[@CIT0032],[@CIT0033] In the normal human brain, there is a close relationship between BDNF and 5-HT. The BDNF can enhance the signal transduction of 5-HT, and 5-HT can stimulate the expression of BDNF. But, this relationship is interrupted when the brain undergoes ischemia and hypoxia, which could result in the low expression of BDNF and 5-HT.[@CIT0034] In this study, we found that both serum BDNF levels and serum 5-HT levels were significantly higher in the experiment group than in the control group. These results indicated that the ginkgo biloba extract could enhance the antidepressant effect of venlafaxine.

Some limitations of this study should be mentioned here. First, the number of PSD patients was relatively small; then future studies were needed to verify our conclusion. Second, all PSD patients were from the same place, which might limit the applicability of our results.[@CIT0035],[@CIT0036] Third, the long-term efficacy of the combined application of ginkgo biloba extract and venlafaxine was not be assessed here. Finally, we only measured the BDNF levels and 5-HT levels in serum, future studies should measure their levels in cerebrospinal fluid to further ensure the action mechanisms of ginkgo biloba extract and venlafaxine.

In conclusion, we found that the ginkgo biloba extract was a good augmentation of venlafaxine in treating PSD. Meanwhile, the addition of ginkgo biloba extract could significantly reduce the dose of venlafaxine used, which was very important for elderly patients. Also, there were fewer adverse events in the experiment group than in the control group. Therefore, the clinical applicability of ginkgo biloba extract plus venlafaxine showed greater promise and should be further investigated by future studies with larger sample sizes.
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[^1]: **Note:** ^a^Two-tailed Student\'s *t*-test; ^b^Chi-square test.
